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(54) Auto-program circuit for a non-volatile memory device 



(57) An auto-program voltage generator in a 
non-volatile semiconductor memory is described. The 
memory has a plurality of floating gate type memory 
cells, a program circuit for programming selected mem- 
ory cells, and program verification circuit for verifying 
whether or not the selected memory cells are success- 
fully programmed. A program voltage is generated by a 
high voltage generator 10. A trimming circuit 30 detects 
the level of the program voltage and increases sequen- 
tially the program voltage within a predetermined voltage 
range every time the selected memory cells are not suc- 
cessfully programmed. A comparing circuit 40 compares 
the detected voltage level with a reference voltage and 
generates a comparison signal. A high voltage genera- 
tion control circuit 20 actuates the high voltage generator 
10 in response to the comparing signal. In this way, a 
non-volatile semiconductor memory is provided which is 
capable of maintaining a uniform threshold voltage of the 
memory cells to be programmed regardless of variance 
in operating temperature or power supply voltage. 
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(54) Auto-program circuit for a non-volatile memory device 

(57) An auto-program voltage generator in a non- 
volatile semiconductor memory is described. The mem- 
ory has a plurality of floating gate type memory cells, a = 
program circuit for programming selected memory cells, 
and program verification circuit for verifying whether or 
not the selected memory cells are successfully pro- 
grammed. A program voltage is generated by a high 
voltage generator 10. A trimming circuit 30 detects the 
level of the program voltage and increases sequentially 
the program voltage within a predetermined voltage 
range every time the selected memory cells are not suc- 
cessfully programmed. A comparing circuit 40 com- 
pares the detected voltage level with a reference voltage 
and generates a comparison signal. A high voltage gen- 
eration control circuit 20 actuates the high voltage gen- 
erator 10 in response to the comparing signal. In this 
way, a non-volatile semiconductor memory is provided 
which is capable of maintaining a uniform threshold volt- 
age of the memory cells to be programmed regardless 
of variance in operating temperature or power supply 
voltage. 
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(54) Auto-program circuit for a non-volatile memory device 



(57) An auto-program voltage generator in a 
non-volatile semiconductor memory is described. The 
memory has a plurality of floating gate type memory 
cells, a program circuit for programming selected mem- 
ory cells, and program verification circuit for verifying 
whether or not the selected memory cells are success- 
fully programmed. A program voltage is generated by a 
high voltage generator 10. A trimming circuit 30 detects 
the level of the program voltage and increases sequen- 
tially the program voltage within a predetermined voltage 
range every time the selected memory cells are not suc- 
cessfully programmed. A comparing circuit 40 compares 
the detected voltage level with a reference voltage and 
generates a comparison signal. A high voltage genera- 
tion control circuit 20 actuates the high voltage generator 
10 in response to the comparing signal. In this way, a 
non-volatile semiconductor memory is provided which is 
capable of maintaining a uniform threshold voltage of the 
memory cells to be programmed regardless of variance 
in operating temperature or power supply voltage. 
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Description 

The present invention relates to a non-volatile semiconductor memory device, and more particularly to an auto-pro- 
gram circuit in the non-volatile semiconductor memory device. 

A memory cell array with NAND structured cells has a plurality of NAND cell units arranged in a matrix with columns 
and rows. Fig 9 is an equivalent circuit diagram showing a part of the memory cell array with conventional NAND 
structured cells. Referring to this figure, each of the NAND cell units NU1 to NUm has a first selection transistor 120 
with its dram connected to the corresponding bit line and a second selection transistor 121 with its source connected to 
a common source line CSL. The drain-source channels of memory cell transistors M1 to M8 (hereinafter referred to as 
memory cells") are serially connected between a source of the first selection transistor 120 and a drain of the second 
selection transistor 121 The gates of the first selection transistors 1 20, the control gates of the memory cells Ml to M8 
and the gates of the second selection transistors 1 21 are connected to a first selection line SL1 , word lines WL1 to WL8 
and a second selection line SL2, respectively. The first and second selection transistors 120 and 121 and the memory 
cells M1 to M8 are formed in the P type well formed on the main surface of a semiconductor substrate 

The source-drain common region between the source of the first selection transistor 1 20 and the drain of the memory 
cell M1 , the source-dram common regions of the memory cells M1 to MB. and the drain-source common region between 
the dram of the second selection transistor 121 and the source of the memory cell M8 are formed in the P type well A 
floating gate made of polysilicon is formed on each channel of the memoiy cells Ml to M8 through a tunnel oxide layer 
and a floating gate made of polysilicon or of metal silicide with a high melting point is formed thereon through an inter- 
mediate insulating layer The drain regions of the first selection transistors 1 20 formed in the P type well are respectively 
connected to the corresponding bit lines made of metal silicide or metal through openings, the source regions of the 
second selechon transistors 121 formed in the P type well are connected to the common source line CSL made of the 
metal silicide or metal. The erase operation for the memory cells is performed before programming, i.e., writing data. 

The erase operation for the memory cells is performed by applying an erase voltage of about 20 V to the P type 
well region and reference a voftage, i.e., ground voltage to the word lines WL1 to WL8. With the electrons stored in the 
floating gates being emitted to the P type well region through the tunnel oxide layer, the memory cells are changed to 
enhancement mode transistors. It can be assumed that the erased memory cells store the data "1 

The programming operation for the memoiy cells connected to the selected word line, i.e., the writing operation of 
the data "0" .s performed by applying a program voltage of about 1 8 V to the selected word line and the reference voltage 
i.e., the ground voltage Vss to the sources and drains of the memory cells m which the data '0- is written Then, the 
floating gates of the memory cells to be programmed accumulate electrons through the tunnel oxide layers, and these 
memory cells are changed to depletion mode transistors. 

After programming, the program verification operation is performed to verify whether or not the selected memory 
cells are successfully programmed to have a predetermined constant threshold voftage value. These erase, program 
and program vesication techniques are disclosed in Korean Patent Publication No. 94-18870 published August 19. 

As the capacitance of EEPROMs have become highly integrated, the size of the memory cell, such as the width 
and thickness of the gate oxide layer and the width and length of the channel region, has been reduced However 
variance of the manufacturing process cannot secure the uniformity of the width and thickness of the gate oxide layer" 
intermediate the insulating layer and channel region. This makes the threshold voltage values of the programmed mem- 
ory cells unequal. If at least one of the programmed memory cells does not reach a desired threshold voltage, error data 
are read out. To solve this problem, a program verification device has been proposed for verifying whether or not the 
selected memory cells are successfully programmed. For example, such a program verification technique is disclosed 
in the aforementioned Korean Patent Publication No 94-1 8870. However, as the reprogram operation is performed after 
the program verification operation with a constant program voltage, the threshold voltages of the programmed memory 
cells are still unequal. The variance of the circumstances and conditions such as power supply voltage or operating 
temperature may deteriorate the reliability of the EEPROM. 

It is therefore an object of the present invention to provide a non-volatile semiconductor memory capable of main- 
taming a uniform threshold voltage of the memory cells to be programmed regardless of the variance of the operating 
so temperature and power supply voltage. 

It is another object of the present invention to provide a non-volatile semiconductor memory with enhanced reliability 
regardless of the variance of the process. 

Accordingly, the present invention provides an auto-program voltage generator for use in a non-volatile semicon- 
ductor memory having a plurality of memory cells and means for performing repeated sequential program and program 
verification operations on selected memory cells until the selected memory cells are successfully programmed, the 
auto-program voltage generator comprising means for generating a program voltage which sequentially increases after 
unsuccessful program operatbns on the selected memory cells 
Preferably the voltage generator comprises: 
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a high voltage generator for generating a program voltage; 

a trimming circuit for detecting the level of the program voltage to increase sequentially the program voltage within 
a predetermined voltage range every time the selected memory cells are not successfully programmed; 

a comparing circuit for comparing the detected voltage level with a reference voltage and then generating a com- 
5 paring signal; and 

a high voltage generation control circuit for activating the high voltage generator in response to the comparing 
signal. 

The trimming circuit preferably comprises a plurality ol bypass means to increase sequentially the program voltage. 
For example, it may include a plurality of resistors serially connected between a program voltage generation terminal 
10 of the high voltage generator and a reference voltage, and the bypass means may comprise a plurality of transistors for 
respectively bypassing the said plurality of resistors to increase sequentially the program voltage. 

A trimming signal generator may be provided, connected to the said plurality of bypass means, for increasing se- 
quentially the program voltage. The trimming signal generator may comprise latch means for generating a constant 
voltage after the program voltage has been sequentially increased. 
*s Preferably, a binary counter is connected to the trimming signal generator, for sequentially activating the plurality 

of bypass means. A loop counting circuit for stopping the generation ol the program voltage in response to counting 
signals output from the binary counter is preferably provided. 

The present invention also provides a method of programming a non-volatile semiconductor memory having a plu- 
rality of memory cells comprising sequentially performing program and program verification operations on selected mem- 
20 ory cells until the selected memory cells are successfully programmed and in which the program voltage is increased 
each time the selected memory cells are not successfully programmed. 

Preferably, the program voltage is sequentially increased within a predetermined voltage range and then maintains 
a constant voltage level. The said constant voltage level is preferably set to prevent the junction break down and the 
break down of the gate oxide layer of memory cells. Preferably, the said predetermined voltage range is about from 15V 
25 to 19.5V. 

The present invention further provides a non-volatile semiconductor memory having a plurality of memory cells, 
means for performing sequential program and program verification operations on selected memory cells until the selected 
memory cells are successfully programmed, and a program voltage generator for generating a program voltage which 
sequentially increases after unsuccessful program operations on the selected memory cells. 

30 Preferably, the memory comprises: 

a plurality of NAND cell units arranged in a memory cell array in a matrix with columns and rows, each NAND cell 
unit having a plurality of the said memory cells having their channels serially connected to one another, each memory 
cell being a floating gate type transistor with a floating gate and a control gate, and including a plurality of word lines 
connected to the control gates of the said memory cells arranged in the same column; 

55 program means for programming predetermined memory cells of the cells connected to a selected word line and 

program verification means for verifying whether or not the said predetermined memory cells are successfully pro- 
grammed; and 

a pass voltage generator for providing to unselected word lines a pass voltage which increases sequentially while 
maintaining a predetermined voltage difference as compared with the sequentially increasing program voltage. 
40 The present invention will now be described by way of example with reference to the accompanying drawings, in 

which: 

Fig. 1 is a diagram illustrating a program voltage generator; 

45 Fig. 2 is a diagram illustrating a trimming signal generator; Fig. 3A is a diagram illustrating a binary counter according 

to the preferred embodiment of the present invention; 

Fig. 3B is a diagram illustrating each stage in the binary counter of Fig. 3A; 

50 Fig. 4 is illustrates a clock signal generator for generating a clock signal for driving the binary counter of Fig. 3A; 

Fig. 5 is a diagram illustrating a control signal generator; 

Fig. 6 is a diagram illustrating a loop counter; 

55 

Fig. 7 is a timing diagram showing the operations of each part of the circuits related to the program voltage generator; 
Fig. 8 is a diagram showing the relation between the program loop and the program voltage; 
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memory cel?s qUiValen, ^ * °* *~ Ce " array wi,h conventional NAND structured 

Fig. 10 is a schematic circuit diagram showing a pass voltage generator; 

Fig. 1 1 is a timing diagram showing theoperation of each part of the circuits related to the pass voltage generator; and 
Fig. 12 is a diagram showing the relation between the program loop and the program voltage and pass voltage. 

of .,8?J2^ f dePl f ti0n r* (hereinaftef re,6rred ,0 38 " D ,ype having a threshold voltage 

,h °^ N^hannel M0S 'ransetors of enhancement mode (hereinafter referred to as "N type transistors-) havino a 

SdtC^^ 

oia voiiage of -0.9 V are employed in the present invention 

a orSam ZttT ""^ 9enera,or 200 this fi9ure ' a hi9 " volta 9* generator 10 functions to generate 

SiSSZT 9 ^ ,n r6SP0nSe ,0 3 ChaTge PUmpinQ Si9nal *PP and rts complementary signal « DD output from a 
XoeS 

emtofio col r S! m? 6 SUPP ' y VOtta9e VCC by U,i,i2in9 3 Chaf9e pUm P in9 metnod T ^ »"* voltage gen- 
erator 10 comprises an N type transistor 1 7 providing an initial voltage Vcc-Vth to a node 1 N type transistors 1 1 to 16 
hav,ng their own channels serially connected between the node 1 and an output node 2, m^S^S^ ^l 
respecvely connected to the gales of the N type transistors 11 to 16. The gates of the N type t^s^TlUo 16 are 
respective* connected to their drain, The drain-source common nodes cfodd MOS ^Zo ™ 5 and and Z 

The channels of the D type transistors 18 and 19 are serially connected between the output node 2 of the hiqh 
ctfS 

Tend 9^lct^ £22 P °T SUPPfy ^ ^ At ^ COmP,9ti0n °' thS Pf09ram °P era,ion ' *• D type Iran sfetors 
1 a and 1 9 function to discharge the program voltage Vpgm to the power supply voltage Vcc 

nectL t XTto r u » J n^ ,0 / ^T n,ia " y inCfSa f 9 Vp9m dUri " 9 * e P r09ram °P erat - - <=on- 

£TJ?d th^lff r m WSe ? 9r ° Und VOlta9e VSS ,hS ° UtpUt node 2 is connec,ed < he timing circuit 
a^ir^a^lT^ tranS ' S,0r o 31and the resistors R r <° R.O. R n and R m are serially connected'* one 
another and he gate of the N type transfer 31 is connected to the program control signal PGM through an inverter 

R a^dThTdrain oT^ ^yfT ^ R, ° " COnnected ,0 a connection^ node 38 belwem 1he esito 

betw en the SLTS o'r 7T V?* Chame ' °' a " N ^ ,ransiS,0r 33 The connecfon •»*. 
tran^stor 34 and 35 & IS arerespecWefy connected to the connection node 38 through the channels of the 

toTRM I ft? °L hS tranSB,0rS 33 ,0 35 3re res P ective| y connected to the trimming signals TRM Pl 

to TRM P10 . The transfers 33 to 35 are bypass means for bypassing the resistors R, to R 10 , sequentially 

SebCtw^nTSrsTTnS 

th a ^ „!l a ^v Rfl - th6 ""^""S circuit 40, the channel of a transistor 41 is connected between 

the ground voltage Vss and a common node 46, and the gate thereof is connected to the program control signal PSB 

sSZZT 7 , A first 5T* J 1,16 channe,s 01 1,16 p ,ype ,ransis,or 44 

seria ty connected and a second branch in which the channels of the P type transistor 45 and N type transistor 43 are 

^f,h! ?lf transistor 45 and the N type transistor 43. The reference voltage Vpref, i.e , about 1 67V is applied 

™n JT T tranSiSt0f 43 11,6 93,6 °' ,he N ,ype ,ransistor 42 * connecteS to the common , nodi * The 

connects node 49 between the P type transistor 44 and the N type transistor 42 serves as an outZterSnafof the 

Sevfthec^ 

rece.ve the clock pulses * and * from a nng osc.llator (not shown), At this time, the clock pulses 4 and 6 have a 
26 and27 3 8MHz. The NAND gates 24 and 25 output the charge pumping signals $ pp and <J> pp thr^gl^iVwerters 

Th " ^ 3 ,r Vpr6f ' thS hi9h V °" a9e 9 enera,ion control circuit 20 is inactivated, and if V 36 < Vpref it becomes activated 
Thus. „ the program vo,,age Vpgm increases, the voltage V 36 also increases. Therefore, the high tSSSSS 
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control circuit 20 is inactivated and thus the high voltage generator 10 reduces the program voltage Vpgm. On the other 
hand, if the program voltage Vpgm is reduced, the high voltage generator 10 increases the program voltage Vpgm. 
Hence, the program voltage Vpgm maintains a constant voltage level by the control of the high voltage generation control 
circuit 20. 

5 At the turn off state of the transistors 33 to 35, the initial program voltage Vpgmin on the output node 2 can be 

represented as follows: 

Vpgm* = Vpre ' (1+ R 1+ R 2 ,...rR )0+ R n ,Rj < 1 > 

i d. 10 n m 

io At the turn on state of the transistor 35, the program voltage V pgml on the output node 2 can be represented as 

follows: 

Vp^VpretOH- ^ ) (2). 

'5 At the turn on state of the transistor 34, the program voltage V pgm2 on the output node 2 can be represented as 

follows: 



^2 = ^(1, ^-^-^- ) (3). 



20 As can be seen from the above equations, when the transistors 35 to 33 are sequentially turned on, the program 

voltage on the output node 2 is sequentially increased. Accordingly, by sequentially performing the program and program 
verification operations while increasing the program voltage sequentially within a predetermined voltage range, i.e., from 
15V to 19.5V, the memory cells having constant threshold voltages regardless of various changes such as process 
changes and the changes in conditions can be implemented. 

25 Fig. 2 is a trimming signal generator 300 for generating trimming signals which sequentially increase the program 

voltage Vpgm by sequentially turning on the transistors 35 to 33 in Fig. 1 . The trimming signal generator 300 has a 
plurality of NOR gates 51 to 55 which receive the combinations of the output signals LP, to LP 4 of a binary counter and 
their complementary signals LP j to LP 4 . The output of the NOR gate 55 is coupled to one input of a NOR gate 56 in 
a flip-flop. The output of the NOR gate 56 is applied to the NOR gates 51 to 55 through an inverter 58, and also to one 

30 input of a NOR gate 57. The other input of the NOR gate 57 in the flip-flop is coupled to the program control signal PGM , 
and the output thereof is connected to the trimming signal TRM P10 and also to the other input of the NOR gate 56. During 
the program operation, the flip-flop composed of the NOR gates 56 and 57 latches the trimming signal TRM P10 to the 
logic "high" state if the NOR gate 55 is selected, i.e., the NOR gate 55 outputs the logic "high" state. The inverter 58 
provides the output of the NOR gate 56 as a feedback signal. 

35 Thus, the NOR gates 56 and 57 and the inverter 58 are latch means for latching the trimming signals TRM P1 to 

TRM P10 to the logic "tow" state. Therefore, if the selected memory cell is not successfully programmed even after the 
completion of the tenth program verification operation, the program operations thereafter maintain the increased max- 
imum program voltage Vpgmmax level, i.e., 19.5V according to the preferred embodiment of the present invention. As 
the maximum program voltage Vpgmmax is selected as the value capable of preventing the junction break down and 

40 the break down of the gate oxide layer of the memory cell it should be noted that the present invention is not limited to 
the maximum program voltage level of 19.5V. In addition, the present invention employs 10 trimming signals, however, 
it is not limited thereto, either. However, it is desired that the program voltage increment At/ by which it is increased 
every program operation should be below 1 V : preferably below 0.5V. 

Fig. 3A shows the binary counter and Fig. 3B a schematic circuit diagram of each stage in the binary counter of Fig. 

45 3A. 

Referring to Fig. 3B, the channels of N type transistors 65 to 68 are serially connected between an output terminal 
Oi+1 and its complementary output terminal O i+1 , the gates of the transistors 66 and 67 are commonly connected to 
a complementary clock input terminal O i, and the gates of the transistors 65 and 68 to the clock input terminal Oi. An 
inverter 64 is connected between the output terminal Oi+1 and its complementary output terminal Oi+1. A second input 

so of a NAND gate 61 is coupled to a connection node between the transistors 65 and 66, and the output thereof to a 
connection node between the transistors 66 and 67 through an inverter 63. A second input of the NAND gate 62 is 
coupled to a connection node between the transistors 67 and 68, and the output thereof to the complementary output 
terminal Oi+1. Thus, if a reset signal of logic "low" state is applied to a reset terminal R, the output tenminalOi+1 
becomes the logic "low" state and its complementary output terminalO 1+1 becomes the logic "high" state. In addition, 

ss every time the input of the input terminal Oi goes from the logic "high" state to the logic "low" state, the output state of 
the output terminal Oi+1 is changed. 

The binary counter 400 of Fig. 3A is composed of 7 stages serially connected one another. The reset terminal R 
is coupled to the reset signal RST , and the clock input terminal Oi and its complementary clock input terminalO i at the 
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!o77 St n?/ 7 re T C,iV6,y COnneC ' ed *° ' he C ^ k Signal CK a " d fts complementary clock signal CK The 7 stages 71 

£ SZSZ^ttt r rol s,9nai ^ The ciock signai ^ eratof c -p^ - £L£ 

8Q SSSE? "vertere 81 to 83 and a NAND gale 84, inverters 85 to 88, and NOR gates 89 and 90 The NOR qates 

IT" r •" 8 mp - fto ZJH e Shori P ulse generator 80 generates the short pulse of logic "low- state 
the program and verrf.cation signal PGMs goes to the logic "high" state 

M » n !ram H . . a"to-program flag s.gnal Sapgm is applied to a first input of a NOR gate 95 through an inverter 

is ineratS ^SSt m ' 9 C ° n f S ' 9nal PGM ' hr0U9h 30 ,nverter 96 ^ e P'ogram detection signal PDS 
LorammS Z h Pr ° 9ram Ver " ,Ca, ' 0n ° pera "° n " a " ,he selected «>* have been successfully 

P 1^T Pro9ram dete ° ,,0n SiQnal PDS becomes ,he ,0 9 ic • hi 9"' ^te. On the contrary if at least onTof the 

EE 2rs r^r 01 rrrr* pro9rammed ' ,he program ™ £ 

94-^70 P 9 ° " ,eChn ' qUe iS diSC '° Sed lhS afor ^entbned Korean Paten. Publication No. 

<;nn Si 6 Sh ° WS 3 ^ C ° Untin9 ° irCUit 500 <0r 9 enera,i "9 the loop counting signal PCout The loop countino circuit 

STES? 9 96 SS ° r 10 <he POW ° r SUpp,y Volta 9e Vcc according to the loop counting frequency As 

c^z:^^:z er supp,y vo,,a9e Vcc ' ■ nd ,he remainin9 tem,ina,s no - ni - N3 ' N4 ' - * - 

» g ra m T of fTt^^ *"* aCC ° rding '° Pre ' erred embodiment wi " te *«*ed with reference to the timing dia- 
San™ fr^L'rr' 9 7 .', th ? aut °- pr °9 ram °P erat 'on starts in response to the transition of the auto-program flag signal 
oLnl^? 9,0 W iM e at ,he beginning of the auto-program operation, the control signTqeneS 

STooTr^ '° ^ b9b ' hi9h " State addi,i0a in ^P 0 " 56 to lh * auto-program flag s^afsZm 

?2r o ,he '°9 ,c hl 9 h " s «a«e, the short pulse generator 91 generates the short putee of logic W state 

vent.cat.on signal PGMs in response to the transition of the program control signal from the looic 'hioh" JL to th» 

kJ^^^'J^T! l ° ,fanSiti0n °' Pr ° 9,am COn,r0 ' Si9nal f rom *• '°9 ic W ^te to the 
aXJ£ .h?™/ 9 « 9e 9en6rat0r 200 ° f Rg 1 18 enab,ed Thal *■ the transistor 41 is turned on thus 

S^yZSSn 0 ^^,"? ,he : anSiS,0f 31 IS tUmSd °"' ,hUS aC, - ,ing «ne trimmng circuit 30. At Ate 
,^2!, ope ' a, ' 0 . n ' as v P ref > v 36. the comparing circuit 40 outputs the logic "high" state Hence the inverter 

signal 

t PP ThUS ' hi9h VOUa9e 9enerat0r 10 9enera,eS ,he 9radua,.y increasing' 
n^TrZ 1 9 ? * pp * pp The Pr0gram VOl,age V P9 m increa ses until the voftage V 36 at the connection 
S^CT. ta ir? Vpref. Consequential, the program voftage Vpgm maintains the init^p o^m 
T above ^scrtoed equation (1 ). The technique for programming the selected memory cells 
wrth the program voltage Vpgm is disclosed in the Korean Patent Publication No 94-18870 

erates the short pulse and the inverter 86 generates the short pulse signal * SD of logic "low- state The clock sianal CK 
signal LP, the tog,c h.gh state as shown ,n F,g 7. Thereby, the NOR gate 51 of Fig. 2 generates the trimming signal 
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TRM P1 of logic "high' state. Thus, with the turn on state of the transistor 35 of Fig. 1 , the resistor R, is bypassed and 
the voltage V 36 at the connection node 36 becomes smaller than the reference voltage Vpref. As a result, the high 
voltage generation control circuit 20 is activated and the high voltage generator 10 generates the increased program 
voltage Vpg m1 as shown in the above equation (2). 

5 If the selected memory cells are not successfully programmed during the program verification operation between 

the time t 2 and t 3 , i.e., the duration of 10 usee, a reprogram operation is automatically performed with the increased 
program voltage V pgm1 during the time between t 3 and t^ 

At time 14, if the program and verification signal PGMs goes to the logic "high" state, the short pulse generator 80 
of Fig. 4 generates the short pulse of logic 'low" state, and the inverter 86 outputs the short pulse $ sp of logic "low" state 

J0 as shown in Fig. 7. The clock signal CK becomes the short pulse of logic "low" state, and the counting signals LP, and 
LP 2 of the binary counter 400 become the logic "low" and logic "high" states, respectively. Thus, the NOR gate 52 of 
Fig. 2 generates the trimming signal TRM P2 which goes to the logic "high" state. In response to the trimming signal 
TRM P2 of logic "high" state, the resistors R, and R 2 of Fig. 1 are bypassed, and the voltage V 36 at the connection node 
36 becomes smaller than the reference voltage Vpref. Hence, the high voltage generation control circuit 20 is activated, 

*5 and thereby the high voltage generator 10 generates the program voltage V pgm2 as shown in the above equation (3). 

If the selected memory cells are not successfully programmed regardless of the reprogram operation, the program 
operation is performed again during the time between t 5 and t 6 . In the same way, with the sequential increase of the 
program voltage, the program and program verification operations are automatically performed until all the selected 
memory cells are successfully programmed. 

20 The timing diagram of Fig. 7 shows the case that the selected memory cells are successfully programmed at the 

fifth program operation. After the completion of the fifth program operation, the program detection signal PDS indicating 
that the selected memory cells have been successfully programmed goes to the logic 'high' state at the program veri- 
fication operation between the time t 10 and t n . Thereby, the control signal generator of Fig. 5 makes the program control 

2S signal PGM logic "high" state, and the circuits related to the program like a ring counter (not shown) are inactivated. 

After about 2.5 usee after the program control signal PGM goes to the logic "high" state, the auto-program flag signal 

Sapgm becomes the logic "low" state. It is possible to detect how many program loops have occurred during the 2.5 

30 usee with the complementary counting signalsLPj to LP^ outputted from the binary counter 400. 

Fig. 8 is a diagram showing the relation between the program loop and the program voltage according to the preferred 
embodiment of the present invention. Referring to Fig. 8, the program operations for the selected memory cells can be 
performed as much as 20 times. The program voltage Vpgm sequentially increases from 1 5V to 19.5V by 0.5V until the 
tenth program operation. During the eleventh to twentieth program operations, the program voltage Vpgm maintains 

35 the maximum constant voltage level Vpgmmax of 19.5V by the latch operation of the flip-flop composed of the NOR 
gates 56 and 57. If the selected memory cells are not successfully programmed after the twentieth program operation, 
the loop counting circuit 500 of Fig. 6 generates the loop counting signal PCout which goes to the logic "high" state, and 
thereby the control signal generator of Fig. 5 generates the program control signal PGM which goes to the logic "high" 
state, thus stopping the generation of the program voltage Vpgm. 

40 As described above, the auto-program voltage generator generates a program voltage which increases sequentially 

within a predetermined voltage range depending on the program loop according to the present invention. The program 
voltage is supplied to the selected word line. However, the variance of the threshold voltage and the stress of the memory 
cells which should not be programmed among the memory cells connected to the selected word line should be prevented. 
In the program operation of the conventional technique, the pass voltage Vpass, i.e., a constant voltage of 10V is 

45 applied to the unselected word lines. For example, assuming that the word line WL2 is selected, the maximum program 
voltage Vpgmmax increased according to the program loop, i.e., 19.5V is applied to the selected word line WL2, the 
memory cell M2 within the NAND cell unit NU2 should be programmed as data "0", and the memory cell M2 within the 
NAND cell unit NU1 should be kept as the erase state, i.e., data "1", the power supply voltage Vcc of 5V is applied to 
the first selection line SL1 , the constant pass voltage Vpass of 1 0 V to the unselected word lines WL1 and WL3 to WL8, 

50 and the ground voltage Vss to the second selection line SL2 during the program operation. At the same time, the ground 
voltage Vss is applied to the bit line BL2 related to the memory cell M2 which is to be programmed as the data "0" within 
the NAND cell unit NU2, and the power supply voltage Vcc of 5V is applied to the bit line BL1 related to the memory cell 
M2 which should be kept the erase state, i.e., the data "1" within the NAND cell unit NU1. Then, the first selection 
transistor 120 within the NAND cell unit NU2 is turned on and thereby the memory cell M2 within the NAND cell unit 

55 NU2 is programmed as the data "0". 

However, as the power supply voltage Vcc of 5V is applied to the bit line BL1 connected to the NAND cell unit NU1 
and to the gate of the first selection transistor 1 20 within the NAND cell unit NU1 and the pass voltage Vpass of 10V is 
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Claims 



An auto-program voltage generator according to claim 1 and comprising 
a high voltage generator for generating a program voltage 

compar^S ^ ™ "* 3 -^generating a 

signal 8 "* ^ M ** aM " 9 ,he volta 9 e 9<™°< h response to me comparing 

Z^Z^^"^^ M me trimmi " 9 M — a °' 

S^X^^JSZ 3 Pf09ram VOl,a9e 96nera,i0n ,ermina ' °' ,hS hi9h 9-erator and a 

ence voltage, and the bypass means comprises a plurality of transistors lor respectively bypassing the said 
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plurality of resistors to increase sequentially the program voltage. 

5. The auto-program voltage generator according to claim 3 or claim 4, further comprising a trimming signal generator 
connected to the said plurality of bypass means, for increasing sequentially the program voltage. 

s 

6. The auto-program voltage generator according to claim 5, in which the trimming signal generator comprises latch 
means for generating a constant voltage after the program voltage has been sequentially increased. 

7. The auto-program voltage generator according to claim 5 or claim 6, further comprising a binary counter connected 
*0 to the trimming signal generator, for sequentially activating the plurality of bypass means. 

8. The auto-program voltage generator according to claim 7, further comprising a loop counting circuit for stopping the 
generation of the program voltage in response to counting signals output from the binary counter. 

*5 9. A method of programming a non-volatile semiconductor memory having a plurality of memory cells comprising 
sequentially performing program and program verification operations on selected memory cells until the selected 
memory cells are successfully programmed and in which the program voltage is increased each time the selected 
memory cells are not successfully programmed. 

20 1 0. A method according to claim 9 in which the program voltage is sequentially increased within a predetermined vollage 
range and then maintains a constant voltage level. 

11. A method according to claim 10, in which the said constant voltage level is set to prevent the junction break down 
and the break down of the gate oxide layer of memory cells. 

25 

12. A method according to claim 10 or claim 11, in which the said predetermined voltage range is about from 15V to 
19.5V. 

1 3. A non-volatile semiconductor memory having a plurality of memory cells, means for performing sequential program 
30 and program verification operations on selected memory cells until the selected memory cells are successfully 

programmed, and a program voltage generator for generating a program voltage which sequentially increases after 
unsuccessful program operations on the selected memory cells. 

14. A memory according to claim 1 3 and comprising: 

35 a plurality of NAND cell units arranged in a memory cell array in a matrix with columns and rows, each NAND 

cell unit having a plurality of the said memory cells having their channels serially connected to one another, each 
memory cell being a floating gate type transistor with a floating gate and a control gate, and including a plurality of 
word lines connected to the control gates of the said memory cells arranged in the same column; 

program means for programming predetermined memory cells of the cells connected to a selected word line 

40 and program verification means for verifying whether or not the said predetermined memory cells are successfully 

programmed; and 

a pass voltage generator for providing to unselected word lines a pass voltage which increases sequentially 
while maintaining a predetermined voltage difference as compared with the sequentially increasing program voltage. 
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FIG. 9 
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FIG. 10 
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